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Tables Introduction
The purpose of this report is to summarize geochemical, petrographic, and geochronologic data (du Bray and others, 2019) for samples, principally those of unmineralized Tertiary volcanic rocks, from the Tonopah, Divide, and Goldfield mining districts of west-central Nevada ( fig. 1 ). Much of the data presented here for the Tonopah and Divide mining districts are for samples collected by Bonham and Garside (1979) during geologic mapping in and around those mining districts, whereas much of that for samples from the Goldfield mining district were obtained by Ashley (1974; 1979; 1990a) . Additional data were derived from samples collected 2012-17, as part of the U.S. Geological Survey Mineral Resources Program funded project titled, "Magmatic-tectonic history and component sources of major precious metal deposits in the southern Walker Lane." A small amount of additional geochemical data for samples from each of the mining districts were compiled from other sources. Individual sample collectors are identified by appropriate entries in the "Collector" field (appendix 1) and published sources of geochemical data are defined by entries in the "Chem_Src" data field (appendix 1).
The geologic setting of bonanza silver-gold quartzadularia veins in the Tonopah mining district is complex and incompletely understood. Basement rocks exposed about 10 kilometers (km) north and 15 km south of the mining district include Triassic (John and McKee, 1987) granitic rocks and the lower Paleozoic siliciclastic metasedimentary rocks of the "Nolan belt domain" (Crafford, 2007 (Crafford, , 2008 that they intrude; these metasedimentary rocks were deposited on Precambrian rocks of the North American craton. These basement rocks are overlain by Miocene volcanic rocks that are manifestations of arc magmatism associated with the southern segment of the ancestral Cascades arc (du Bray and others, 2014) . Arc magmatism in the Tonopah mining district was extinguished by northward migration of the Mendocino triple junction and the transition to a transform plate margin in this region at about 12 mega-annum (Ma). Lava flows and lava dome complexes are volumetrically dominant, although ash-flow tuffs, including the Fraction Tuff and the Heller Tuff of Bonham and Garside (1979) , are also significant within the mining district. Mineralized veins are hosted primarily by andesite and dacite lava flows and breccias of the Mizpah Trachyte near the south end of a lava dome complex (Nolan, 1935; Bonham and Garside, 1979) . New argon-argon (
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Ar) dates (this report and Cosca and Morgan, 2018) suggest that rocks of the Mizpah Trachyte were erupted about 21.4 Ma. The Fraction Tuff overlies the Mizpah Trachyte. In the Tonopah mining district, the Fraction Tuff was likely deposited in an intracaldera environment and was erupted from a caldera whose northern margin is about 10 km north of Tonopah (John and others, 2015) . In the area around Tonopah, the overlying Siebert Formation of Bonham and Garside (1979) may constitute a voluminous, thick, in part ash-fall deposit that accumulated in the basin formed during collapse of the caldera that erupted the Fraction Tuff and in the surrounding lowlands.
New 40 Ar/
Ar dates of adularia on quartz-adularia veins in altered Mizpah Trachyte rocks range from about 20.5 to 19.9 Ma (this report and Cosca and Morgan, 2018) . High-grade silver-gold deposits were mined from some of these veins. More than 174 million ounces (Moz) silver and 1.86 Moz gold were produced (mostly from 1910 to 1930). The principal ore minerals are argentite, polybasite, pyrargyrite, and electrum; other vein minerals include sphalerite, galena, chalcopyrite, pyrite, pearcite, muscovite, and calciummanganese carbonates (Bonham and Garside, 1974; this report) . Dates of the quartz-adularia veins suggest nearly simultaneous eruption of the Fraction Tuff, possible caldera formation, and vein mineralization (John and others, 2015) .
Compositions of Tonopah volcanic rocks vary essentially continuously from about 60 to 78 weight percent silica (SiO 2 ), although rocks with ≈67 to 72 weight percent SiO 2 are somewhat under-represented. Tonopah rock compositions form a high-potassium calc-alkaline series with pronounced negative titanium-phosphorus-niobium-tantalum anomalies and high barium/niobium, barium/tantalum, and lanthanum/ niobium typical of subduction-related continental margin arcs (Gill, 1981 Colgan and others, 2011; John and others, 2012) showing the inferred extent of ancestral (green polygons) and modern High Cascades (cross hatched polygons) magmatic arcs.-Continued porphyritic, commonly containing 10-35 volume percent phenocrysts principally composed of plagioclase, pyroxene, and hornblende ±biotite; quartz, alkali feldspar, or olivine are present in some samples.
The geologic setting of the silver-gold dominated Divide mining district, centered about 8 km south of Tonopah, is similar to that of the Tonopah mining district; similarly, it is dominated by Miocene volcanic rocks. Like the Tonopah mining district, basement rocks, exposed about 10 km south of the mining district, are principally lower Paleozoic siliciclastic metasedimentary rocks of the "Nolan belt domain" (Crafford, 2007 (Crafford, , 2008 but also include a distinctive Cretaceous muscovite granite (Bonham and Garside, 1979) . The Miocene volcanic rocks, also associated with ancestral Cascades arc magmatism, overlie the Paleozoic and Mesozoic basement rocks and Fraction Tuff. Mineralized veins and breccias in the Divide mining district are also hosted in Miocene volcanic rocks, principally the Oddie Rhyolite, Heller Tuff, and tuffs of the Siebert Formation (Nolan, 1935; Bonham and Garside, 1979; Erdman and Barabas, 1996 (Erdman and Barabas, 1996) ; the principal ore mineral in the mining district was cerargyrite although sphalerite, argentiferous galena, chalcopyrite, molybdenite, electrum, acanthite, pyrargyrite, and possible tetrahedrite have been identified in dump samples (Bonham and Garside, 1974; Graney, 1987; Erdman and Barabas, 1996) .
Divide mining district volcanic rocks contain ≈61 to 77 weight percent SiO 2 . Rock compositions form a highpotassium calc-alkaline series with geochemical characteristics typical of subduction-related continental margin arcs (Gill, 1981) . Many of the Divide mining district rocks are distinctly more alkaline, particularly sodic, than volcanic rocks in either the Tonopah or Goldfield mining districts. Most Divide mining district rocks are porphyritic, commonly containing 5-25 volume percent phenocrysts principally composed of plagioclase, biotite, and hornblende; quartz and alkali feldspar are present in samples of the more silicic units, especially the Oddie Rhyolite.
The geology of the Goldfield mining district is dominated by intensely quartz-alunite-altered Miocene volcanic and pre-Tertiary rocks (Vikre and Henry, 2011) , including lower Paleozoic siliciclastic metasedimentary rocks, the "Nolan belt domain" of Crafford (2007 Crafford ( , 2008 , which were deposited on Precambrian rocks of the North American craton. These basement rocks, exposed mostly in deeper mine workings, were intruded by Jurassic granitic rocks (this report). The volcanic rocks are principally lava flows but also include breccias and lava domes. Miocene and minor Oligocene volcanic rocks in the Goldfield mining district constitute the southernmost extent of magmatism associated with the southern segment of the ancestral Cascades arc (du Bray and others, 2014). Northward migration of the Mendocino triple junction terminated arc magmatism in the Goldfield mining district at about 12.9 Ma. These volcanic rocks at Goldfield are cut by a dense network of westnorthwest and north-northeast trending normal faults. Milltown Andesite lava flows are the volumetrically dominant volcanic rocks in the Goldfield mining district; a K-Ar date indicates that the andesite was erupted about 21.5 ± 0.5 Ma (Albers and Stewart, 1972) Ashley (1990a) suggests that silicic ash-flow tuffs (the Vindicator Rhyolite and the Morena Rhyolite of Ransome, 1909) represent eruptions from a 6-km diameter caldera delineated by a series of poorly defined, presumed ring fractures. However, geophysical data suggest that these fractures are not related to caldera formation but to pluton emplacement (Blakely and others, 2007) . A new Miocene and minor Oligocene volcanic rocks in the Goldfield mining district contain numerous, fault brecciahosted quartz-alunite epithermal deposits (Vikre and Henry, 2011 ) from which 4.19 Moz of gold and 1.45 Moz of silver were produced (Albers and Stewart, 1972 (Ashley, 1990a; Vikre and Henry, 2011) . Within this area, quartz-rich fault breccias form resistant zones or ledges enclosed within recessively weathered, quartz-poor, alunite-or pyrophyllite-rich rocks (Ransome, 1909; Albers, 1975, Ashley, 1990a) .
Most Goldfield mining district volcanic rocks contain between ≈54 and 69 weight percent SiO 2 ; andesitic and dacitic compositions are dominant. Like volcanic rocks in the Tonopah mining district, those in the Goldfield mining district form a high-potassium, calc-alkaline series with pronounced negative titanium-phosphorus-niobium-tantalum anomalies and high barium/niobium typical of subduction-related continental margin arcs (Gill, 1981) . These rocks are porphyritic and contain 15-35 volume percent phenocrysts principally composed of plagioclase, pyroxene, hornblende, and biotite.
Analytical Methods
Standard petrographic microscope techniques were employed to identify phenocryst minerals and estimate their relative abundances in 468 volcanic rock samples from the Tonopah, Divide, and Goldfield mining districts (appendix 2; see Data Fields section). In addition, phenocryst size and crystallinity, rock textures, groundmass characteristics, and accessory mineral assemblages were recorded for each sample.
New whole-rock chemical analyses of 190 samples, most collected between 2012 and 2017, were conducted in analytical laboratories of SGS Minerals, Toronto, Canada (appendix 3; see Data Fields section). Major oxide abundances (recalculated to 100 percent, volatile free) were determined by wavelength dispersive X-ray fluorescence spectrometry. A 55-element method that uses a combination of inductively coupled plasma-atomic emission spectrometry and inductively coupled plasma-mass spectrometry was used to determine trace element abundances. These chemical data are also archived in the National Geochemical Database (NGDB) of the U.S. Geological Survey. Pertinent analytical methods are described by Taggart (2002) . Compositions of an additional 108 samples of Tonopah, Divide, and Goldfield mining district rocks, from published and unpublished sources, are also included in this data compilation. These samples were analyzed by different laboratories employing diverse analytical techniques, which resulted in data of variable quality for a highly variable set of components. Laboratories, techniques, and the analyzed constituents are documented in the sources (identified in appendix 1; see Data Fields section) from which these data were compiled.
Although efforts were made to collect only unaltered samples, a review of the available geochemical data indicated that some of the analyzed samples were affected by postmagmatic hydrothermal alteration. Samples with any of the following characteristics are considered to be altered: SiO 2 abundances greater than 78 weight percent, volatile (loss on ignition) content greater than 4 weight percent (excluding hydrated vitrophyres), sodium oxide (Na 2 O) abundances less than 1 weight percent, or Na 2 O/K 2 O less than 0.5. Primary igneous rock compositions of samples with any of these characteristics probably have not been preserved; these samples and the type of alteration they experienced are identified in appendix 3.
39
Ar ages (appendixes 4-7) provide temporal constraints on volcanic and hydrothermal activity in the Tonopah, Divide, and Goldfield mining districts. Volcanic rocks were dated using either separates of one or more phenocryst minerals (plagioclase, sanidine, biotite, and amphibole) or whole-rock aggregates. Ages of hydrothermal alteration were determined using alunite or adularia separates.
Samples collected for
40
Ar/ 39 Ar analysis were most commonly crushed and sieved to sizes appropriate for preparation of high-purity separates. Mineral separations were made using standard magnetic and heavy-liquid separation techniques. Whole-rock samples were prepared by crushing and isolating rock fragments of ~1 cubic millimeter (mm 3 ) from fresh rock free of obvious alteration and xenocrysts. Analyzed samples were washed in deionized water. In many cases, final separates were prepared by hand picking individual crystals. The irradiated samples and standards were loaded into known positions of a stainless steel planchette, placed into a chamber and sealed by an externally pumped zinc selenide window, and evacuated to ultrahigh vacuum conditions within a fully automated stainless steel extraction line designed and built at the USGS in Denver, Colorado. A 50 watt (W) CO 2 laser equipped with a beam homogenizing lens was used to incrementally heat and (or) fuse mineral grains and rock fragments. The liberated gas was expanded and purified by exposure to a cryogenic trap maintained at −135 ºC and to two SAES GP50® getters, one operated at 0 amps and one operated at 2.2 amps. Following purification, sample gas was expanded online into a Thermo Scientific ARGUS VI® mass spectrometer and Ar isotopes were measured simultaneously using faraday detectors (Ar masses 37-40) and ion counting (Ar mass 36). Blanks and sample data were acquired during 10 measurement cycles and time zero intercepts were determined by best-fit linear and (or) polynomial regressions to the data. The data were corrected for mass discrimination, blanks, radioactive decay, and interfering nucleogenic reactions and 40 Ar/
39
Ar ages were calculated with the decay constants of Min and others (2000) and a
40
Ar/ 36 Ar ratio of trapped argon equal to the atmospheric value of 298.56 (Lee and others, 2006) . Data collection and age calculations were conducted using the Masspec software program written by A. Deino of the Berkeley Geochronology Center. Ar ages reported in appendix 6 were determined in the New Mexico Geochronological Research Laboratory. Analytical methods are described by Heizler (2003 Heizler ( , 2005 .
The 40 Ar/
39
Ar ages reported in appendix 7 were determined in the U.S. Geological Survey 40 Ar/
Ar laboratory in Menlo Park, California. Samples were crushed and sieved to sizes appropriate for preparation of high-purity alunite separates. In many cases, final separates were prepared by hand picking individual crystals. Samples were irradiated in the U.S. Geological Survey TRIGA Reactor Facility in Denver, Colorado; irradiation times were between 10 and 16 hours. Determined ages were obtained by laser-fusion analysis, whereby grains were fused with a CO 2 laser in a single heating step (appendix 7). One or several grains were used in each analysis, depending on grain size. In all cases, a minimum number of grains were used to permit recognition and elimination of most xenocrystic or detrital contamination through identification of outliers. The reported age for laser-fusion analyses represents the weighted mean of the replicate analyses, with the inverse variance of propagated, within-run (internal) errors of each used as its weighting factor (Taylor, 1982) . Sanidine from the Fish Canyon Tuff, with an age of 28.198 Ma, was used for calculation of neutron flux. Decay and abundance constants are those recommended by Steiger and Jäger (1977) . Ages were calculated assuming a 40 Ar/ 36 Ar ratio of trapped argon equal to the atmospheric value of 295.5.
Zircons were separated from crushed and ground samples using standard magnetic and heavy liquid techniques, hand picked under a binocular microscope, and mounted in epoxy discs. Zircons were analyzed by Sensitive High Resolution Ion Microprobe with Reverse-Geometry (SHRIMP-RG) at Stanford University and by laser ablation inductively coupled mass spectrometry (LA-ICPMS) in the U.S. Geological Survey Southwest Isotope Research Laboratory in Denver, Colorado (Colgan, 2018) .
For the SHRIMP analyses, zircon mounts were ground to expose grain interiors, polished, and imaged with cathodoluminescence (CL) on a JEOL 5600 SEM® to identify internal structure (rims, core, and so forth). The SHRIMP-RG was operated with an oxygen (O 2 -)-primary ion beam that varied in intensity from 4.0 to 5.5 nA, with a typical spot diameter of 20-25 micrometers (µm). Zircon surfaces were rastered by the primary beam for 120-180 seconds before data was collected. For all samples, the following peaks were measured sequentially: . Mounts were analyzed with 4-5 scans (peak-hopping cycles in mass order) and measurements were made at mass resolutions of M/∆M = 7,500-8,500 (10 percent peak height). Raw data were reduced using Squid 2 rev. 2.51 software (Ludwig, 2009) Pb with model common Pb compositions from Stacey and Kramers (1975) .
238
U/
235
U was assumed to be 137.88. Concentration data for U, thorium (Th) and all of the measured trace elements were standardized against zircon standard Madagascar Green (MAD) (Barth and Wooden, 2010) , which had standard deviations (2σ uncertainties) of about ±3 percent for hafnium Hf, ±5-10 percent for the yttrium (Y) and heavy rare earth elements (HREE), ±10-15 percent, and up to ±40 percent for lanthanum (La). U-Pb ages were calculated relative to the R33 zircon standard (420 Ma; Black and others, 2004; Mattinson, 2010) . Data (appendix 8) were reduced using methods described by Williams (1997) and Ireland and Williams (2003) , using Excel and the add-in programs Isoplot3 and Squid 2 rev. 2.51 (Ludwig 2003 (Ludwig , 2009 .
Laser ablation-inductively coupled plasma analyses of igneous zircon grains were conducted using a Nu Instruments AttoM™ laser ablation, single collector, inductively coupled plasma mass spectrometer (LA-SC-ICPMS). Zircon was ablated with a Photon Machines Excite™ 193 nm ArF excimer laser in spot mode (150 total bursts for each spot analysis) with a repetition rate of 5 hertz (Hz), laser energy of ~3 milliJoule, and an energy density of 4.11 joules/square centimeter. Pit depths are typically less than 20 µm. The rate of He carrier gas flow from the HelEx™ cell of the laser was ~0.6 L/min. Makeup Ar gas (~0.2 L/min) was added to the sample stream prior to its introduction into the plasma. Nitrogen with flow rate of 5.5 milliliter/minute was added to the sample stream to allow for significant reduction in ThO + /Th + (<0.5 percent) and improved the ionization of refractory Th (Hu and others, 2008) . Laser spot sizes on zircon were ~25 µm. With the magnet parked at a constant mass, the flat tops of the isotope peaks of 202 U were measured by rapidly deflecting the ion beam with a 30 second on peak background measured prior to each 30 s analysis. Raw data were reduced offline using the Iolite™ 2.5 program (Paton and others, 2011) to subtract on peak background signals, correct for U-Pb downhole fractionation, and normalize the instrumental mass bias using external mineral reference materials, the ages of which had previously been determined by isotope dilution thermal ionization mass spectrometry (ID-TIMS). Ages were corrected by standard sample bracketing with the primary zircon reference material Temora2 (417 Ma; Black and others, 2004) and secondary reference material Plešovice (337 Ma, Sláma and others, 2008) and an inhouse standard WRP-63-08 (1707 Ma; W. Premo, oral commun., 2016). Reduced data were compiled into Wetherill concordia diagrams using Isoplot 4.15 (Ludwig, 2012) . Pb ages are used for older ages following the recommendations of Gehrels (2012).
Standard petrographic microscope techniques and an automated point count stage were used to determine the relative proportions of various phenocryst minerals and matrix or groundmass in samples of the Fraction Tuff and Heller Tuff (appendix 10).
Data Fields
Petrographic, geochemical, and geochronologic data for volcanic rocks exposed in the Tonopah, Divide, and Goldfield mining districts are presented in columns or sets of related columns (appendixes 2-10) in Microsoft Excel 2010 workbooks (.xlsx format). The contents of appendix 1 (data fields defined in table 1) constitute basic sample characterization, including sample location, sample treatment, and lithologic characterization. Appendix 2 contains petrographic observations for each sample (data fields defined in table 2). Appendix 3 contains geochemical data for analyzed samples (data fields defined in table 3). Geochemical data in some worksheet cells may Table 1 . Definition and characterization of data fields included in appendix 1 (status and treatment of samples).
Field name Field description
Field_ID Field-assigned sample identifier; Field_ID entries link data for individual rows to the contents of particular rows in the other appendixes and, for U.S. Geological Survey samples, to the National Geochemical Database U_Pb X, sample age determined by zircon uranium-lead (U-Pb) geochronology K_Ar X, sample age determined by potassium-argon (K-Ar) geochronology Strat_Name Stratigraphic unit name (Bonham and Garside, 1979; Ashley, 1974; 1979; 1990a) Ign_Form Form (lava, ash-flow tuff, plug, stock, and so forth) of the igneous rock represented by each sample appear to be more precise than displayed values, but the implied precision is a misleading artifact of computational processes (for instance, recalculation to 100-percent volatile free) used to create data-cell contents. Blank cells in the worksheet appendixes indicate null values or that no data are available. In appendix 3 (geochemistry data), some blank cells reflect abundances that were reported as "less than the detection limit"; these values were replaced by blank cells to enable statistical analysis of the uncensored data. The results of 40 Ar/
39
Ar age determination experiments are presented in appendixes 4-7, those for U-Pb analysis of zircon separates are presented in appendixes 8 and 9, and microscope-based point counts of Fraction Tuff and Heller Tuff samples in appendix 10. Table 2 . Definition and characterization of data fields included in appendix 2 (petrographic data).
Field name Field description
Field_ID Field-assigned sample identifier; Field_ID entries link data for individual rows to the contents of particular rows in the other appendixes and, for U.S. Geological Survey samples, to the National Geochemical Database Unit Stratigraphic unit name (Bonham and Garside, 1979; Ashley, 1974; 1979; 1990a) Table 3 . Definition and characterization of data fields included in appendix 3 (geochemical data).
Field_ID Field-assigned sample identifier; Field_ID entries link data for individual rows to the contents of particular rows in the other appendixes and, for U.S. Geological Survey samples, to the National Geochemical Database Strat_Name Stratigraphic unit name (Bonham and Garside, 1979; Ashley, 1974; 1979; 1990a) ; repeated in this appendix to enable data sorting by unit name
SiO2_pct
Silicon, as silicon dioxide, in weight percent; recalculated to 100 percent on a volatile-free basis TiO2_pct Titanium, as titanium dioxide, in weight percent; recalculated to 100 percent on a volatile-free basis Al2O3_pct Aluminum, as aluminum trioxide, in weight percent; recalculated to 100 percent on a volatile-free basis 
